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m&m 1 4 ] 1 1 ~ 1 3 ©v>-rna>— sicg 



M&9(2] E?iJ#^2{C^^n5-2 4#B~+4 *#>J^?H©»fi*fc 

9 l»B073y*EWftn-H-r*S*E5ll3S»6JS M*B1 5] tf 'J^^FiPfc hJM»7JU:/3 >T 

Atkh^Dir'f l«-fy^7— «te?t JO [0 0 0 1] 

*»s«*»s»e7. «*±o*ii»»in #u*:^f+©5?x 

S@~l 5 4 5#B©e3*#&tf6i:ifc1«*£TMI F©K^3fi»jS*4Earr4»*:/n5H' >S?X*7 

mmhui ■wwi^sovvrn^-wce*©* s schawl*. «BfirFi*j!i#g'v/3 i FS3-F- 

[0 0 0 2] 

[K*B5] ■HWI4e*©MS"<* [*£*©8»fi] in jItro.TOMHteKOH«l*(«ef 

s<£mbT#e,najBse«i#. oiding) «ft©tsx£D. tfu^/^F©?*-;^ 
msae] is±3»nwc**B*a5Efto»i«i 20 >ara«Es*arr*E*iL"c. y^^-f jh*«^© 

t»*B7] «*Bl~3©wr*l*-3HKE*CD» 6*1 (Freedman, CeU 57, 1069-1072, 1989;Fisher « 

ISafitT*ll«a5X«6E*0»II<Elft»rt"eSHlS Schmid. Biochemistry 29, 2205-2212,1990) , 7*- 

[M&9(8] iWWi-sowW-acEtCl -fy*?--tf <PPI> **. W#fctt7ny-f>i>x/p 

tsae^*a*«T*sa*»«««ii*«c38a^i'^ f-t v*5—t? (pdd tftn<*-»ao5 

-shissl, jn»aa*iTv»a. is vitro oaarett. cn&.row 

. fi**HE«li^f ^-"C»KeiftbT»JME*Mt:* *fiiae«©ll*lfc©jM«MT*Ei:* , *S 

», jo n. jee^x¥Wic±s$txfc^«ttaesi©in vur 

OTBaHafiHPftSHiaWSftfrT-r. flME»KK& iT©ll*j*^©fflJfl*«**.6nTV»S (Schein, Bio_ 

ffS**LT«**.'t r-^O^-f >y^*7-{ F-fV* / Technology _7, 1141-1148, 1989 ; »ftfi=, B*S 

?-*«M&S1*. 3Ht#£SS 64, 1035-1038, 1990) . 

JftfES&S-k h^nSM" >5?^7W Ff tfft [0 0 0 3] PD Itt, *I*ttTr. *&*©>«»&& 

EMM"*, £fc«W*fcf*«#B7E«©#». KM^BIc^Bl^n, *©»Kfcl,T©ttjltf»ff»fc« 

[S*JS9] MStlfciffiSMth/ar-f^y ^etlTV^. PDIH f t-V^^-f Hfe6 

F-f V*7—tf£. at*tt*5A^nvhy5 ©£&£££ St«U HER**©?*/^-* F !&-&'© 

7-f-fc±"3T»llia*-r«i:a:ftW«t-r«il*9l8 »A • Rttfc- **v»«3raSfT3Ci*«Tr** (Free 

IB35©7jS. dman, CeH 57, 1069-1072, 1989) „ P D I Bin vitr 

IW*3H10] »*a7~9C!)HW- JStClE«© 40 o "CB R»ase&£©*— F^'f >*»6ftaSeR^. Jfl 

jMscto-casn*. Ku»<»'3c*«n*i«'- ii7/v75>ftE©**F*'f:'*»&&*saRfcE© 

4 9 l#B©75y&E^J*>&f££*S&*kr-:/n7M' »fflTfflyXJP7^ F*g-&©^^3?ftEJSS:<EjiL 

[g^il] #5ESHttft»#Hl~3©Vvrn*» ftU-^a=yH(IJfi*»r>«eil©^WT©S?X^7 

— jgiKISiiCSJSafi^t^SSBMti" S^'J^^ -f Fig£©Jgj£&£©£J££©I^££ia s &£ttT^ 

Fft^-F-rft^J^Bie^tftfttMMKBaift. * (Freedian, Nature _329, 196, 1987). 

IWiXm 1 2 ] »K£affc*&H6aB$T%&M£ [0 0 04] «¥Lgj**© P D IB, SIMH^aW 5 7? 

fll lEtt©»Keftfk 7^6fcS#U^:7*?F©*^^v-<kLT#ft 

3] ^*fiG^khjbM7)I/^3>&n U *toftTBM£*©*v»p I * (pi 4.2-4.3 ) £M 
- F-rsse^TrfcSK^E 1 1 fB«©«H<E&#. 50 oTU5. 
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[0 0 0 5] vv hroffFias*©PD nc^^r, -eo 
jte^auwisn. *©s£7- ©&£e*ij: d p d i © 

*»6a*»^-rta»iiia*»^ct*«ssnTi»*. 2 

OiStt«8tt73yKEJ!*»'3i#A6nTW* (Edna 
d et al., Nature317 , 26Y-270. 1985). ^WH* 

in vivoT-f >5/3.'J>©yx;i'7>f 
ISl/fct), RNase ffli?^JV7>f HJS^©X&EiSSffi . 
iff 5 in vivoT©SaS©7*— JP^-f 

(Pigict & Schuster, Proc. Natl . Acad . Sci . 
USA 83, 7643-7647, 1986). 

[oo o6] pd i ©£#rt-c ©#£§«, M.n&vmm 

*«lfi©#fc&»©av>fc*oTS&a*', lOufc 
t. »»-r-6*5»3E©iceH©#*E't©rabffilHt** 

fesiifc, ^lt» sast©#i&©iSK5ii&-rsc:t# 

*!lfcfc2a»6, «Bl*3K:*V»Tt)PDl3a«. irK^ 

x^stm^nT^s. ci©ct»i, *si*ffljj&§ag-& 

*K«£fflV>. trMtl/tT-f' J7v>©££)$£ 
ffK C©«r. PDIft*V»*Ufc/WB#»H3etJTB 
r-^U7^>©8fRK#&L&S?x;P:M K*Sa©» 

jsKtits&A/SiB&ftv^ PDi£Jn;tst« ^x;V7 

nTViS (Bulleid 4 Freedman, Nature , 335 649-65 
1, 1988) . 

[0007] pd i tcrnvrra:. vWyj FteGaM 

HtooTV»*K»3W»6nTV»*. «*.«. PD III 

JgSrttDuSnS'*:/? HWv^JUH^J Asn-X-Ser/Thr 
Sr^-T 5 9 U 3 S'JWtflMMS'&B fiS (P in 1 a j an i emi 
et al., EMBO _J. _6, 643-649 1987 ; Geetha-Habib e 
t al., CeU 54, 1053-1060 1988) , ^SfcSfc, ¥ 
tt&jftd't >&-aS fig ( t r i i odo-L- thyron i ne b i nd ing 
protein) (Cheng et ai. J.Biol. Chem . 262 , 11221- 
11227, 1987)&££©EH4a«3*Sft. PDI»f©i 

ajt©*»je*K*tt4*«tBtt#w*s*iTir»*. - 
tt&©*jifcio*., PDi^tiijift^^'-rr** 

**, 73y£E^J±fc&^Tffi^ft#*5#^S! ! bJI^ 
IBSnTV>5. W^WtbTttPD I ©Ti&gBfti: 

StXfc7*'J FntrXFollitropin) -^;Pr-DfcT> (Lu 
tropin) ££©t£Ma#JHE:>-^(Boniface & Reiche 



rt et al., Science 247 , 61-64, 1990), #*7:r 
f yM / •> h-M 5-fX*7 71^ r-£l,2-v>7-> 
)VifV -fen— ;l/ t-f / -> 1 — ;n. 4, 5- HJ *X 7x- h 
Kto*^****T*0-t©*ffi'jKPD I tffifeltt 

* **##«et * * * * u /■<— tr c u a t> a & n 

(Bennettet al., Nature 334 , 268-270, 1988 ) . 
PDI^PDI «a^©ttfirta.-C©**>»"a£«&£ 

[0 0 0 8] fil±OJ:3fcj£«Sft»*39»««SnT^* 

w «t, PDi©i&sa*»» : Pi'jR«SH s -wffly^7-f 

b *> L L « b tt. B ^ t'ft^fiHWfcS© PDIA'S 

flEoTaTCOfcv'XJl':?-* Hig'&sr^-r^sag©^© 
s&^evjct^ssn*. a*©*»**b**©a 
as (^tc^^sass) *»«rtwi«t»^ii 

— tfige©fiSC»St5*A.5E:i i b'?IflBTr*5. *H 
TSPDUt)^7JT$i5*l, -TV*?— -tfil/r© 

»aaKK*««c*6ti«ct*>6, »»ii©«v»«ii 

7 5/ h©S*©fi»©«*tttfcPD I mRNA-&S©Jt 
50 8 (IFB>lfR. WB1>I1*>*8*> *■>&■>»© 
IB) *>6C:©Ct*«ai<««anTV»* (Edman 6, N 
ature _314, 267-270, 1985) . 

[0009] .*fc. a7E*nfc#«©iR**«H8Jteds 
©»tur#x6nfc»^fctt, a«tt7*-^f s ^'> 

i/©fca&l^St$n5v ? 7.JP7W Ffc-&©JBJSttlH3 
$n?>T?*55. H©.fc3JMIMtt, 3>/^- 
h^>r-*»ftV»A3!a:aC«±«©nBrtTftC*. ^© 

40 $ti-S^*t^S^S©^"bUn&Vi. M^-DNAg 

^^fflv^r, ^mum&n (■«■©#< »»»tt©«eK 

fc^frTvx;v7^ pts^©»***!:tet>*ai»*« 
%«. totftKB. it^fflisrt©^ <mmtz>rt 

©S^ (3>A-h^>h) lc^fPl4©iS^v^Jl/7^ 
[0 0 10] cn5=50jStBffl»ADNASIItffll> 

50 t. s?x^7w Hti*ftwr6aaKft3»»±<*** 
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5 

[0 0 1 1] hfrlsliiflZ. ViSSTln \i\o<D%-VZf 
[0012] 

[»IB««**Uj:5t"r*BIBjfta In vitro T©g£ 

&. &a*fflfiT©teaS*©PD I©3SSil4V»8;j£fcS 

[0 0 1 3] #589114. fcr-PD ISg§iffl©t: hiMt7 
J^a^l^nE^Sa-K-rSDNAtfc hPD I 

»aatt5CtCJ:*BlM.kbPD I ©Sjg£i£K:tf 

iam^PD i «mw-*e: tftawt-r*. 

[0 0 14] #5£9114. ftfg^pJig^iS 

t hPD I Rl«W*3ieT***Sl***ciCJ:« 

5. 

[0015] 

[W«AS**-r*fca£>©^a!] #891* £14. ±ISB 
»sajaT*fcftfc«a«IH«L&liJR. t Mh«7JUy 
S^K/nEWSa— Hf-SDNA'th h^Dr-f > 

[0 0 16] «TlC#f6^©l¥fflS:!5iBjrs. 
[0 0 17] t b7u?-1 >i?W7J MV*7 — tf 
(protein disulphide i some rase ; TPDIj tB5fJ>"f 
5) cDNASn— Ff*£n— >«, k MFBAgtll 
cDNA^-f^'J-fttft MS&fiAgtll cDNAM 
(Clontechtt) #>£>#©.fc-5l::bT#»Stl 

5. 

[0 0 18] khSFR&tfk hjfettAgtll cDNAM 

-i?DNAS:7-fM-l:B^-r5. kK/n'J 
> 4-*®tfbSM$s (PD I i|tg— H) cDNA 
[Pihlajaniemi,T. & (1987) EMBO J. _6, 643]© 243 
282SB©«SE^J©ffl^lC^JS:-r2.40 mer 
©■&$* U =fT-DN A S^D-^fTSA-f 7 U 

©77-vDNA£EcoRI ifHbb. #6^*5150 bp© 



4) #§8¥6-387 7 1 

6 

-f hDNA£PDI cDNAX^U-->i'ffl7 r D-^' 

fc±IE7r-^DNAS^^U-->^l/T. Ktt^n 

[0 0 19] H©j;5fcLT#6nfc«»©liBtti'n- 
>£EcoRI tftffcbTEcoRI >*-hDNAifrfe» 
T. &:?n->©-f >U— HcoV>TffigB*Sift0£f£ 
j£b. Pihlajanieml&C£*«!llBB«*B<fcJfctiEl'fcl6 
JR. fflB**©* o->(pHPDI16) ttelA^O^D- 
10 XpHPDIp4) tTthPDI cDNAOiIS*/t- b 

[0 0 2 0] p£n->©DNA£SE5!l£flW£U&l3 

jr. ens©* u-zrfimtt 1 t*«n*4*2454 

Wbfc. Sft, *«D**E5H*»6it3ea*l&75/«B 

W^Rtt Asp 1 Leu" 1 © 49lg©73 yK*»5 

8tj£3n-c^5i#*.e>n. asp 1 ic5tff-r?.i7fi©7 

S yK^e,^S^P r ^Ff4v'^J^^H£^t)bT 
[0 0 2 1] #569114. P D I - g££tt«fe« 

sDNAigjiat: hPD i ae^fca^&saisaef 
[0022] ttaiaaertt. bah* 1 a c 

FT SD N A SESSiir* £ t. \Z «koTf£8S3 
fib, khPDI«»3>n-M>h (/hfi#£ 

50 14k hjfofl^K^S^O^I^nEaailClHJS-rs&Btt 
&<. -ffi©->^^EM J ?»^l'7 r DE^Tfet3Tt)«t 

[0 0 2 3] AftftlCtt. Mffif D-> pHPDI16Rtf P 
HPDIp4 DNA£, **EcoRI/PstI, Pstl/BamHIT^'ffcb. 
*5490bp Rtfftl. 3kbp©DN Agrtt-£#. M»rtt-£EcoR 
1/BamHI Mfc^^S.F^i^-pUClUfcBlSb (pbPD 
1EB). Kunkelj* [Kunkel.T.A. (1985)Proc.Natl.Acad.S 
ci. USA 82, 488 ] tZ«fc K> cDNA±©PD I ~/tf-r)V 

mm t p d 1 ## t(Dmft®%\zum&m™\®%tmL 

40 S5fAb(pbPDINae), Nael/Hind III SfcCfcOPD I 
->^;VE5d«-&*ftV»»1.7kb ©PDI DNA BrM"Sr# 
•5. 
[0 024] 

pUC119<£EcoRI SiU cniCXhoIU^TJ- : 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

SSi^b. XhoI/BamHI^-fbb. CiniCk hifiirf 7;^S 
> CKT THSAj fc**T«> ^W^nE5(*»Jab 
(pUC 119 Sig) , Stul/Hind III ?Sfl:b3.2kb ©DNA 

50 mw*nz> (HSA:/^ne5H©#ja«tt««®*ifc 



(5) 

7 

' [0 0 2 5] phPDINaet&*©1.7kb DNA grtttpUC 119 
Sig S3fc©3. 2kb DNA ISrtf-£gi!§UphPDILyl). EcoRI 
iftffc. Klenow®f>tt::«fc3¥«Hb, BamHI mt*m$i-o 
THSA^7nB23CFa»;:k>PD I*#£&S&L;fc 
(182 0) . U-^-BS5<J^Sco^®e^€:#*:: 

[0026] *&w<Dm%m&?<oK®J5&&Tf j t<om 

&<, pd i ^ss-ar#s«g*£W-rs%©tt^Ta jo 
^sns. *&. ^»ae?-©WH#B*569j©«ii 

fcbJ^©tt©»*lfc*©»a*GrP*»6 

[0 0 2 7] *»WB*fc, SJ0*^2C«4ft*-2 
4#S~+4 9 l#B©75y&EM£n-FT-5J£g 
EH*SJ«*KMMtfirP*««-r*. d© 

firF3- F©*afc*3< RJ£gEFJ©f§S#B£T# 

[oo2 8] *xsb3&c. 

[0 0 2 9] ^MWMMe^fcttW&trfcft©-*** 
-B. »*rtT»aW*Tr*Dfir)*««t*i-6"bO 

[0 0 3 0] *RWffl3BS'«£*-*ill»TS&»©' , < 
i^-iiLTB. «A«*WKAIC±*1»BI¥ 2-1173 
84^4ifflCBBS©7 p 5^ 5 H pIDB-ADH-HSA-A ($ 1 Bl 
-C#fi8) *iffiffl$n?>. £©75*5 HBHSA cDNAS: 

*fc»«7Ji'3— Hny^— tn (adh 

I) t/D^-?-, ADH^-S*-^-, 7>tf->U 
(Amp- ) , XtfLeuMfc'PS^ArCt**. 
-£-©£*. £©75X5 FSr, XhoHBfcU KlenowSrJf 
KJ^WSU BamHI tfrffcbTHSA cDNAfcRfc^-fS. # 
&*lfc»8U» DNA frit© 5 ' *S£&'J >«fcUfcft. Id 40 

7.5 H(pAHhPDILyl)*«5C:t*»T€rS. fc-feSA-. * 

58iH©aisae^ft3Bsa-tt«sBi«©««ft*r^t 
}^*aM©TO©***-s#yfl-r5::4:t>-p*ft. 
[0 0 3 1] *»9iBS6K. **W©»S^^-T 

[0 0 3 2] IfSfcLTB. *H®, tt£Sft£*©ISI£ 
MB. RCW*««*«f 6*1. ftlC^n-fef^S^UT 

BWS'Ca&S. ?Si6?8£:LTB, Saccharomyces ce 5fi 



ftBB¥6-3 8 7 7 1 

revisiae gffglffrn. *8H©KME&ft©fF8C& 
fcoTB«fc»*AH22»*»ffafc«fflSn*. #5£SS 

©ttH*Tr***». gsfiwcjuaaasa («*.«. ntt 
«B8a) t>?t±a:L,T^fflb#*ciBgwcab55. is 

£»B^©*«***-©»AB1MIM:&ilnn«fi3& 

& mft»&ttfc£K:*D*»fc***n»*' BM© 
#RC**B. %^^^^-*ipAHhPDILyl©«^, #6 
nfcBS^S: S D (-Leo) 71— H t IC<fco 

[0 0 3 3]SEoT, *«WB*&. ±^©«fc5ICUT 

ff«ufc»K«ft#rtT*58w©aisaeTt*sa* 

sutcm^thPDi ©Kj§#&£ig«-r*. 

**W©S«K««fcJ:fttt. *»W©ttB*ttBaTC 

[o o 3 4] mi,. ^gBjgra^ft&sft-cxss 

RIEilM*:ft*«l<TMftAt hPD I 

t. t&faa&A.PD i esorrsaMfc. 

[0 0 3 5] .8iiUTf»*fflV»*«^fc». thP 

DlMffi#*>A£H#7ni:i/>7£§ttT, 3&&A 

thPDi timfc^m® t i/t^»$ns. & ws^t 
bT»*K*©«*.«*Mr, tt**»©*±*jwaw 

&nS*&KB. 7D-t-»7££ttT^fcV>t hPD 

[0036] ax>4m\z*ymmii*m*i&iz*:»m 
l, *«fc«;i;T«B»ft*»u *c0i&BiB*MBiiic 

-te»W-*c;tfc±oakAthPD I t«ftfc«H* 
fl|-r«»ct*«tr#«. ^©^nvh>/77w-lc^fflU 
% 2>a*14* 5 ABftgO % © (CfE5£$ n* ©TBS 
Htf*. 09AtfTSK-gel PheDyl-5PWiS*'i4*7A Cfty- 

s) auefflsna. c ©*&«»* b fpd ibkci 

(PH8.0) ^0.85MA^ 0MfiSSE7> 
^E-^A'v©itlSMSS43EIC<tOSttiSn#5 (B4 
m) . SDSiM»a»«r OS BBS) *6WftAthP 
DIB. *«j55kDa ©^fiS^L. 
U #3* * W7--KA©B**©8S*iWSfc 

*£tK±o. ftsn&iajftAkhPDiBPDiett 
stontfewwsnfc («8©Siai«»«)'. 

[0 0 3 7] *58ffl*ttKJ:^Tatsn5aiftAth 

PDIB, 35^S©t hPD I ttfct!SL/TN5K«575y 
»«« Aspa>SGly lC55c^:$nfc'b©T*ofc. fiEoT. 
*»MB 491fl©75y»3l>6J«*EJ»^3K*an 

* Gly 1 Leu 491 ©75 J RE?J*»&«Wfc*ft 

Sffi^At KPD I SfeJIft-TS. 
1 [0 0 3 8] *«WBS6fc. thPD 



4#§B¥6-3 8 7 7 1 



[0 0 3 9] »H@ftf|:4><Otta«9e?2:tt^ABfi 



5. 

[0 0 4 7] SSH I S 2 3tfelC<£-3*C, HSABU* 
»f*s«fflSnTU5. SDS*&fcIM£K:«fcD. 'fflfi 

rtcH s a fcswrs £. ji5c?Ri#ffiT-c«y;u±r# 

-A*> K t LTiE^frH S A»fiH-fl)«ftatO 
*ft/t>F»tl/T«BSn. BISfrfciEflMcHSAi 



^nfe^^^-StS^Jl'v^ASailS. 7"rJr-7"7X JO SHSA^ftl. ft=f-fiVW74 Ym^i>^%±\Z^ 



[0 0 4 0] g^I&fictoxn-iJsnsjpU^ 

;uv7 4 ni6££^tf%>©T»ntf»fafca«s©#u 
$ n& p d i &tt®3Mttfae?aa. # u p © 

^fc^JfeSg^tUTt hlfilfilTJV^5> (HSA) 

[0 0 4 1] #W*H$*. rtfij/s^pj fe£fflfi 
It. fi*Rtfft«*:/^Pm*fcStait**t»!:a:*ft 

[0 0 4 2] S&BSiL-Ctt, *Bff. tt^Sfci*© 



*36^Sii:fclOBtr«. i»ffltert©HSA©jB7cffllWFft 
TTOSDS ifl*»Ttt. H S A#?ttft&© P D I 
cDNA***aa«TV»ft'V»»*«*>61»fc»BrtH 
S Att» t tfc$£bT«fc D S *o P i UT*fctiJ3 
tl5 C 6, P D I BH S AftTPWjEfttzVW? 
-f P*S£©»J*S«HtL. ±0a*»KHSA»T«)K 

?T. ^JStJ£a«Jfit»^HSA©»BrtT© 

c^Bjwwou-twatBfcn*. 

[0 0 4 8] *fc. PDI£#5£SIS-ti-&*££2;-B-fe 
V»$-&T©H I S 2 3ftWOHS A©mRNA^«E 
fiSNorthern^Ds/hftfc.fcDtfcR-rst, PDIS6 
^Sf!^S1i-fc«-&fcHSA©mRNAfi*<*110UTW 
«. COUfctt, PD IiOTM*HSA#TCftiJl!l/r<r» 
S^tgttfc*ttTft<. HSAJBe^-Cte^V^JUCb^ 
g*^-ATV>Soft6tt&fc^lSLT^a. /MS 
#^©K»fri«*^-r*HIBrtliaK»< t hJMfST 



HSUfflB. Btt. »*»Bft£©K*«B***lf6ft 50 )V?5. >© U — ^— BH5'J©S4'd ttitjT t P P D I 



^^?H*»»b1»*»*. W*.tf*«MIBa«»Sl' 

[0 0 4 3] ±f2^BI£&#rtT, t 

P P D I it£? tflfi©# 'J F £ 3- FT 3*1-5fefi 

«E#U^^H*iaO-r*J:4:«>6**#U^?-H© 

[0 0 4 4] *xa<o£]HMKKJ:t>. kPPDIfgg 



e^assnfcu t lh s A©#3&aa<*iso 

L&Ctt*»*BLTV»*Ct*6, PDItt. *Btt 
tfeUTHSAiSSU itSHSAtC^fflU&^t** 
H S A©&£U' , UV£±#£ ; tt-fc£gB v CI&5 
H5«»J:0|ltt-C*«±5fc*«. S6K, HIS 2 
3fcfc<kD#»£n;fcHSAiPD I ©fiSr^at, PD 
lttHSA©R»»»3*r«SD, S6fc«Bl*3K*ffl 
Sn^kh PD I V^VfeSS^Cfc^S. £ftHSA© 
in vitro TPSWfltfc^V^Tffii^jftfe^TPtC^g 



nfcBSl*3-PHS A&ilCPD I *£jg©J&ifi*T#ft3l 

A©»ifi.Stt¥^TiKl6 O^JgJObfc (SB8B) . • 
[0 0 4 5] 3HSlCj6j*2naofcDB!iV^. #?£SI 

ct5H s A^mm<omwzmhx\tsirfo^ \z^x 

[0046] HSA IS, 1 7<@©vX;i/7-<' H«g-&S:^ 
ogegT&tK rto. In vitro T©gttgaB»6 
©HWl**Bfc*V»"rfc*«&«l«©PD I ©fifftfci 

*©K*«a»)«*««aansit*«a6*iT^ 



nTv>4t>©t*^sn«. ^rocitfeSfc, pdi# 

HSACll[ttfffflUTV»*Ct*3a»UTV»6J:3fc* 

A5. 

[0 0 4 9] ^©.kol-. HSA©^tTPD I ©*5I^ 

c±-3T-t©»»*©JtaB»*jw»6n, -?-©«im**p 

D I OTittHS AfflW5W(IJ6»*CBV»TV>*lI«tt*» 
KV»ti3j»6, «t0— «ttfc, 5>**7<f P*!r&©#* 

^«lCt3V>Tfcl^-iffl8artTPD I Sifi5StCiii|i55S$ 
50 *45ifcCJ:DRI«©»-»*©«lD»**«»WC*6t 



(7) 
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' [0 0 5 0] VX¥<»W&W\Z&V). 3&fc#569ISK91 
TZ1fi, #»Wtt£ftS©^«fcl»£S*i*'t>©'Ctt 

m\ 

[0 0 5 1] 

fc hPD I (protein disulphide isomerase)cDNA©fr n 
->it 

khfffBiA.gtllcDNA5'f^9 , J- (Clontechtt) *5100, 
000 ?n->i& 0.2%©VJVr— XSr-gtlLBigifi (1» 10 
A*? r- MJ:/h>, 1% NaCl*3<tO: 0. 5%'f — 7. bx* 
Xh5?h) -P3TC-*«*Ufc*»MY1090»»«« 
500^1 ,h?I-&U ^tllC 1M NgCh 5 yl 

-eioftpatnirr * -ti:<tt)77 -y s*i§BE&Jfe3 
•e-fc. nns50BioLB±saE^«a (lb^is, ion 

M MgClife^tf 0.7%7#D-X) IZtPxJg^ft. 23ci 
' X23cm^V-h*©LB3|E^»±t*V»fc. ±JgS5^ 
37'C-T!-eftS«U7T-vS:*g5i$-& 
fc. f5hfc75'-i J !£7^W- (Hybond-N, Amersh 
amtt) IC»U 7JV*U*« (0.5N NaOH *3cfctf0.15M 20 
NaCl) lCgLfc3MM fflffi (What nan *fc) ±IC. 7r-y 

©f**m*±Ertitt"C i #fflfi#, *tv»T+*i*« [im 

Tris-HCl(pH7.5)*3«fctfl.5M NaCl ] .fcgLfcl»liMK± 
■fcl^Wevsfc. 's6t7-fW-S 2XSSC (20 
XSSC =3M NaCl Sit/ 0. 3M?X>&=:J- h 'J CA) 
Tft», UVJHM*24>MfrS£fcfcJ:D77 

7^^-*fflV>TaTO^JHK«-3TthPDI cDNA© 

[0 0 5 2] yD-^tCtt, th7'DiJ>4-*Sft» 30 
m (PD I fcR— *>^£r» cDNA [Pihlajanieai. T. 
et al. (1987) EMBO J., _6, 643 ] © 243#B*>S 2 

— DNA (5' -TG€CGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) £, B«|DNA-&JS«I (Applied Biosyste 
nstt^xJMSOB) lC«k9-&l£Lfcfc©£ffi^;fc. 
[0 0 5 3] ^«DNA (20pmoles) £ 50mM Tris-HCl 
(pH7. 5) ; lOmM MgCl* , 5nM^^XU-( h-;k 10 
0 yCi [t- ,2 P] ATP ^OOOCi/mniol, Amersham 

SStt) fcAtrtMKOtfl «^T37X:60^P B 1Sf5Sti-5^ 
ifcio*© 5' tteUVMbBKLft:. ±I2©7^;V 
^-S^WW^'J^'fif— >3>SIK [5Xx>/Vl' 
r*ig«(100X5 : >A;Vhi8i8= 2S6$->Jtlflf7JK/3 
>, 2X7^3-* 400**^2 X#Ut:=^lfniJ H 
» , IN NaCl , 50mM Tris-HCl (pH 7.5), lOmM EDTA 
(PH8.0) , 0.1% r-'^vjUf^n-^^K^-hU^A** 

moyg/mioe^SijjLa&bfc-y-^ifs^DNA] ic37 

TJlWrlH«l,&*fc. A-fyj^-f-t-va^jK (7 
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HDNA*-&tI*«0 «f>lC37 , C15WrMSbfc. E©7-f 
JV^-S 2XSSC *tt€Jfl^T36fiTtt#U Se>t~2 
XSSC, 0.1 XHx^Hf^n-^K^-h'Jf^SSS 
TJ421C30»|aitt#Ufcax«7-f *A(MR-5. Kodak 
ft) tr-80 < CT-?*S? l e^ ; a:&. 7 A ©§!*©*§ 

e> © ->ifi-Mz*t&? z&wiz&z y 7 ^s±ia 

hfr e,yjU«M-t l/r«DHO 1 ml©SMS8SSS 
[lOOmM NaCl, lOmM MgCls , 50mM Tris-HCl (pH7. 5) 
fc.tt;0.01%-tf7^>] iCSt. 41CT-«»»r*i 
tlCfcO, y^+©7r— ^*SSS+fclHl«l/fc. £© 
J: 5 LT# 6*Tfc 8 a© 1 >J -=>iflBHS7 y 

frT2»9 U -X>if£ff ofcgS 1 0©**Wtt* 

X jr U -X >^£fr V»S5±C»— OBtt* a- > t LT 

[0 0 5 4] #e.tlfclH4^a->©7T-^DNA £Le 
der £©7jJ£ [Leder.P., Tiemeir.D. 4 Enqnist L. (1 
977) Science .196, 175 ] fcJ:D««Ufc. '#6tl& 
7? — i^DN A© l/5*&tgtt [lOOmM Tris-HCl (pH7. 
5) , lOOmM NaCl, 6mM MgClj , 6mM >»;!/* 7* hX* 
y-)K 0.1%-tf7?>. s 20tig/ml'J#*?U7--tf 
A:i3<i:tf203M£© EcoRI \-ytf>i?— >3±) ] 50yl 
*-C37"ClB£|ir3i8fc&, 0. S^y^n-x^T^* 
ftftff-afcIS*, HOHttf n-»WttlB0 bp©-f 
-hDNAS-^tldt^A^fc. tr^XHO?- (Ge 
ne Clean 1 ". Bio-101 tt) SfflViT-f >tr- hDN AS: 
• fi»Ufc. [H]iRLfcDNA»fM-*<l20iigt EcoRIT? 
^■fb b fcplC19 ^ ^ ^ — *5100 ngtSDNA5'T ^ — -> 
3>*vh (S«iia) A«20k1 , B?«4m1 ©}g-& 
JR^-C16'C15^P5Sf5$ ; &S Z t C± Ol^DN A£5SSi 
^-B-fcifi^A^XS ^©RlSmOwl 
V>TMandel^ [Mandel.M. S Higa, A. (1970) J.Mol.Bio 
1. 53, 154 ] \z£r>±mWTGlW&B¥im&VtZ. 
»&ftfc»*C*#«25ii g/ml7>if v'J >S:^tIL 
Bigffi lOOBlwr-ftlMIU, 7^* USWltt tBirn 
boim.H.C.S Doly J. (1979) Nucleic Acids Res._7, 15 
13] (CkOy^XS HDNASrfiSatfc. :©7"7X5 
1 HDNA10wgS^[100mM Tris-HCl (pH7. 5), lOOmM 
NaCl, 6mM MgCls, 6mM ~f hX^ y-JK 0.1% 

•tf5^>*5«fc^ lOOmft© EcoRI (=.y#>i?—> 

m ] 200 u\ *T37icminififl:«. 7x/-;na 
a, x^y-j^^^ff^^b, o.8%7^n-7.y 

T.A^y--eiHliRL, aTtElTDI cDNA©Xi"J-x 

[0 0 5 5] t hPDI cDNA©^:g&-&tJ^D->S:#5 
fettle. 3c*Tt MFBAgtllcMIA-9'f ?5'J- (Clon 
? techft) *«J50,000i/n — >^*y;t hMAgtllcDNA5 
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-f^7'J- mVd W50, 000^ n->tco^T©X^'J 

|S150bp fchPDI cDNASrJt&lOO ng£ [a- 3S P] dCTP 
O400Ci/mmol, Amersham *t) &£U-y2 b^>^U 

/ vf ^ 'J ^-f If — > a >JH*fcMnC 1 isms L fc«. A 

>^MIC*«J10 S cpm/ml<D±!EggSDNAS:-g-tJj§SS) * . 
fc6<rC15«H»Ufc. E.©?* JW-ft 2XSSC 
ffiV^T^iaT^U 0.5XSSC . 0. 15>6 F^v 

;Hf;vn-»sw- h 'J ^AJMTperc i WMft»Vfc« 

Xijgr^kk OAR-5, Kodaktt) K-80fC- SfcB^S 
ttfc. 7<r;W»©»»©IS*. IfK cDNA^^U 
-il)6fi, J&B cDNA5-f ^5U-*0 5fflOlSBtt 

= >iffc*»tt*Cifc*0M*ttfcmi cDNA^-f^ 
7'J-«t0 4& KB cDNA5<^7'J-J:0 3fiO 
Sft^D->Sr#KU&. »6hfc7'30>D->© E 
coRH FDN ABffr*WaiH«0*ttR:f6oT 
H^^-PUC19 ©EcoRI BB&fc-S-^n-V 
ftUfcS. 7 >©■* >■*)— Hcr^T©*!®** 
«50£f£SfcL&. ■?■©*££, ffFK cDNA©4r3*3«fctf 
teg cDNA0 2^)*5SHlC*-A*— 7 y^l/TiS ?K 
#0, -€-©55©fffIi&3fe©£n->l:3(pHPDI16) £ 
fe&fijfe©£ci— >l^(pHPDlp4) ©2^-CSWfr-5 
thPDI cDNAO^fi**A— LTV>SCt*«. dn£© 
£ n->£Pihlajaniemi £©? □ -^©fclfgBMtifeS© 
tfctfcfc&^SSftfc. P^n— ^CtJ^T M13 SEQUENC 
1NG KIT 0K$*iMtt) . M13 Sequencing Kit (SSifi 
m i3<fctXSlilDNA>—i7X>U— (370A, Applied 
Biosystenstt) fc*DDNA*aBWfcftfcl,fc. Pibl 
ajaoiemi e.©^-^ tWltKlCfc 0Pi7 n->l4^24 
54i6S*h9>6j£*fchPDI cDNA*3— H-r*ti**M6 

[0 0 5 6] h hPD I ©BHMEB:/5*S )*©<HS 
±IB©thPDl cDNA£3-F-r5 2t3©?a->pHPDIl 
6 *3,ktfpHPDIp4 *t>iCLTfcr-PD I ©BHSfcfctt 
4»S«y573 FftHTOf iTUBbft (g 1 H 
A, B33,}:tfC) . 

[0 0 5 7] T**U»Wa5CJ:OIIHUfcpHPDI16 DN 
A ftl ttg&Btt [10mM Tris-HCl(pH7.5h lOOmM NaC 
1, 6mM MgCh , 6mtl ^Jl^hX* O.lX-tf 
10$i{fc© EcoRI (Xy *5«fctfl0 

m&©Psti (f^a) ] 20wi ^-c37"c i mrnmitm, o. 

8%7»P-xyAT«ft*«*ff PDI cDNA© 5SgHM 
EcoRI*»&Pstl8B#©*?J490bp ©£3©DN ABitf-?::? 
5X/V>*M=J:0*Hi • -# PHPDIP4 DNA 

*5lMgS;?§JS [KM Tris-HCl(pH7.5), lOOmMNaCl, 6 



3) 4#M¥6-3 8 7 7 1 

nM MgCh ,6iM^;l/7J^hX^y-;K 0.1%1f5^ 

>. i03Mi©Psti (n-^^>v->a) fcitfiomft© 

BamHI (Rtt) ] 20 /tl +T371C lB*IW«Mfc«H»fcU 
TPDI cDNA© 3' SS{BJPs»I*>6 BamHl8S»©»l. 3kb © 
ftS©DNA*rfr«H*-«l»L&. ^©«fc5lcLTlHl 
«UfcpDNAWM--tn"fn»50ng*J:tfEeoiI*J:« 
BamHI TiH-fcU UtttCLfc^XS F"<**-pUC119 
DNA*a20ng£^fliifiaoDNA5'f y—>3 
K25m1 *5<fctfBS8E5/il +T16"C15B?|lBEj££ttS;i 

^^ttfcJ:D*BBMVii9ai*a>Ky>h-tJV*»« 

£&L;fco *l©Mte. Blg90mn©X-Gal -JV-Y (50a 
g/ml 5-^0^-4 -£DD-3 f>H'J;U-j3- 

>. LBJg*i5j:t; 1.5%5§E30 lC3:V>fc. 37*CT-?ft 
T^5X5 FDNA*«BU fli!llEB*iii£fflV>&SrtT£ 

a? bfc. ssnft^apt pbPDiEBtfcttttfc. 

[0 0 5 8] phPDIEBSfetlCbT, Kunkelfe [Kunkel, 
T. A. (1985) Proc.Natl.Acad.Sci.USA.82, 488 ] let 
D. cDNA±©PD I ->^±JUE5«i:PD I ©*#t 
OD»||i»»CMIS»*HaeI«(WWa[tliXU&. PhPDIE 
B DNA Sffll-»T*Jl->C7AtetCJ:D^:»BBW313 
K5 L >h-fe^ft»B<B*bfc. #e.nfc^tE^*©* 
nnn-£ 150m g/ml©7>K->U >*^«J2 X YT 
^ (1. 6X;-?^ hh'J^h>, 0. 5% NaCl *<kt/ 1% 
h^-X h) T?3rC-iM»«B*ff 

50 -afc. C©«BjKlml* 150ug/Bl©7>tf->U>& 
^tl 2 x YT«fl65tallCtHily3rCT?a 6fciSBl/fc. 

(odjco ) ifl o.mmzMLtzt M13K07 y 

7 - v *b. o. i . =2 jgg-CJH^.37 , C30^H»@ 
•e-fc. ^tllc70y g/Bl©SSt7S:SJ:'5lC7J±V'f -> 
>«JlD>L37'C20^raSMea*fTO^:. «B«ftS<j>5) > 
BK*tt»&nfc±Alfcl/5 ^© 2.5JJ NaCU 20X#U 
X3- V >if U 3 -)V # 6000?g}g£inA.m^Lfc^SfiT 
15»IBB«l/&. 3S<!>»lifc*B-ff6nfctaR* 5ml© 
TEigffijS [IObM Tris-HCl , lmM EDTA (pH8.0)] ICS 
40 ^L^£§©^?n7x/-Jl/<£inA8l^3S'i>^StlC^lt 
TTKgtleiJRLfc. tnt^©^Dn*;i/ASJn^.ft 

l/10§©3MB^K^h'J^Ai3<kt; 2.5^f©X^/-JV 

em*.a««-8ot:T3o»i«i#«La'fr»iifc± o dn 

ASitKtLTIsIJKUfc. cns70%x^y-;i/Tft# 
b«£EK»«.100Ml ©TEigaTlStcS«bfe. K±© 
#}£T!B&UfcdUS:"&tJphPD]EB fi*©-*gDNA 
SfflV»TaT©^JHTBBtr»*IMP-6MBeIflWa:©» 
A&fT^fc. *»»Affl^lS*U^3td'^?H(5' -C 
50 GGGGGCGCCGGCGCGC-3 ' , SJgj^tt) ] lOpmol&SfS [10 
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OmM Tris-HCl (pH8.0) . lOmM MgCU . mVttT. V 
V h-Jk ImM ATP *3<kmomtt©T 4 #U 2* V* 
?H*:f-~tf (SiBStt) ] 10m 1 *T37 < C15#ISB,BOS 
&70tlO#F.gtnMLTT 4#U J*:? l/*^ K*7-— tf£ 
*i£S1*fc. ±fEpbPDIEB fijfe©— #§gDNA 0.2pmol 
fc<ktflMl ©7x-U>:7 , JS»i« (Site-directed mu 
tagenesissystem Mutan T "-K, SiSiliD fcSffi**lD 
*.&»£S£10m1 £L. -tco^-feCl/zl t±EU> 

£U 65t;i5#. 37lC15##g&, 25/z 1 <Dto§Mm%L 
<±E Mutan'«-K, l^tt) 60HM£©*8§EDNAU#- 
-If (Mutan'»-K, Rift) i3«ktfl m&©T4 DNA#U^ 
5— KOtatan"-!.- Htt) ««*.25T:2l5nnEJ6;S'tt* 
CifcJ:D»*l«^J«*ffr3-fc. COStCJdl CD 
0.2M EDTA(pH8.0) £ln*.. 65*C-C5»mjlDS"r*ili: 
fc«kOffiJt&£fi5t£#lkSttfc. #£*lfcDNAi§i£3 
Ml £30m1 ©*B§®BMH71-18mutS:3>tf7 1 >r--feJk>: 
ig-SU *4>30#, 42-C45g>3e.lC**l»IW»BU 

fc. unic 300m1 rosocfti (2Xrt*M»u7h 



*MgS:S)S [lOnM Tris-HCl (pH8.0), 20mM NaCl, 7mM 
MgCW , 7#&©NaeI t?#>y->tt) feit^iom 
{Sc©Hind III (SffiiStt) ] 30 Ml +T37lC4BSIBHfifl: 
&0.8X7#D-xy;i^&*»*frV>*!jl.7kb ©JSS© 
DNABrHrft^?X/^^-t±D»*'*IHIbfc. t 

H>lcJ;t33-Hf«DNA8rM-S^n-> 
FpUCU9Sig ©Stfgfc&TW^IB-CfTo 

fc OBI HA) . 

[0 0 6 0] ^7X5 H^^^-pUC119 DNA ltfg^S 
i8E[100mM Tris • HC1 (pH7.5). lOnM MgCli , 50mM NaCl 
*5<fctfl2$M£© EcoRI ty#>-^->ft) ] 20// 1 * 
T371C 1 fcWHfiflsLfcft. 7CC 5 #WJD&LT»&£* 
g£-frfc. &fc«S*38w l*J:ZW?-rU77'Jl<*»J 
tt*X7r*-1£l*tt ffi«J§tt) ftlQ*.T371C 1 ■* 

rflSiaufcm. 7xy-;MftU*ffv», #e>nfc*jis: 

5 ' -AATTCTCGAG 



0.5^-XhX*Xh7^K lOiNNaCh 2.5 20 GAGCTCTTAA- 5 ' 



nM TCI. lOmM MgS0< , lOmM MgCh^5«tr/20iiiM^;P3 
-X) *JP*.3TCll»|IB«iU&. S^lClOwl ©M13K 
0777-5?S:Jn«.37'Cr30»ra»Sa. 150m g/ml© 
7>K->U >&£Xf70u g/mlCOA^-T-f -»£^tT2 
XYT«»l«l«»iL, 37t20»IB«iL&. #€>nfc 
U -tfil20Ml £@JRU »§MV 
1190J§«&80m 1 £B£U- 3rC10»BHnaa. 150m 
g /ml ©7>£S"U >&"&tIL B ■} V— MC^#37t:T 

NaeI8K&^A^7X3 H£«^-T-5%©SrM13 SEQUENCI 30 
NG KIT ftJ8V»&DNAaUHE*WWrKJ: 
Df^Sbfc. Z.<D7v7>S. F£phPDlNae££tttffc. 
[0 0 5 9] 7;kfcU&M&TSl$JLfcphPDINae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3' . 

2. 5' - AACAAGAACAACAAAGAGATGAAGGTAACCCACTTCATGAATTC-3 ' , 

3. 5' - CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGAAGGCCTG-3' , 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3 ' 
*S»DNA-&*» (Applied Biosysteistt. ^7*38 [0 0 6 2] ±5£©XhoI U 

OB) £fflVvc&l£Lfc. IItte>fc*ilSj30 pool 5X5 Hlfig [lOOmM Tris • HC1 (pH7. 5). 10m 

[50mMTris -HCl(pH7.6). lOnM MgCli . SbMW* 40 M MgCli . lOOmM NaCl, lO^fi© BamHI t';#>^- 



©E5>J*» 5> {£SXholg&&£"&tJXIioI 'J £ * 

®Wi [66mM Tris -BCKpH 7.5) , 6.6mM MgCh , lOmM 
z?ttXl"(\ — Jk O.lmM ATP S3«kt* 3003M£©T4 
DNA'J <3HBHb' ] 30 Ml ^T16'C-*«m 
Lfc. Cl©i§jSlOMl $ffl^T^mJM107 «c3>tr 

?>K-feJi'S*;i->'i'jUSicfi£v^^ftu 50m g/ 

m 1 © 7 > t! v 'J > *^tr L B -J V- He £ # 37*0— «fe# 

iabfc. ^snfcnnx— \z-D^r, 7;v*u^Hi*s 

fflHT^XSHDNASSSL SIK»^«T£Sd 
^tfcJ;D @&9fcf5XhoIU>#-#pUC119 EcoRlgSfi 
IrJf ASnfc^7X5 r-'DNAS:S*?IR^Ufc. 
[0 0 6 1] KTOBW**>tJ4tt«l©*'J^*W* 
?K : 



Xl"f 1 — ;K 0.2mM ATP RC;6#a©T4 #'J;*#U 
^H^— (SSita) ] 25m 1 f-WC lBSfiflE 

^^itscttcto 5' *ftu>Kfl;bfc. #e.nfc^- 

y^^l/^Hft'&tUSRSa-tf (ft IOOmI ) 100 

SfTofc. CtllC 600#fi:©T4 D N A 'J H — ^ (Stl 
ittt) £DnA16'CT-?SffiiaL.. 77^>hW©3^ 



>ffi ft±«12»ttonol (SSiBtt) 1 20m1 +-P37 

■ci^wmftbfc^, 7xy-;wafflSff^. #enfc 

*H*»6x^y-*ttJRfc*0DNA*l3Cbfc. CO. 

D N A tia© 4 OCOt U J? i» Vtf H ©JtSitCfc D 
#enfc-*^DNA79^^>h^ ; 6Jl' : £S}« [66mM 
Tris-HCl (pH7. 5 ) . 6.6mM MgCl: , lOmMv'^XW-f 
r— ;k O.lmM ATP *3<kt>t 300#&©T4 DNA'J ^f— 
i? (S^Sititt) ] 30 Ml *"C16'C-Sft-SMUfc. £©i§ 
}«10m1 SfflViT7CffiSJM107 ^a>^>r-feJI/£ 
*JP2/^Attfcav>»Rie«U. 50m g/ml©7>tr-> 



(10) 



WHW6-3 877 1 
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U>£^tTLB:/U-h±fc3;£37 , C— (SfefiH&bifc. # 
5 F* pllCllSSigifcffttfc. 

[0 0 6 3] ±iao#I@T^KLfc7 r 77.5 H PUC119S 
ig DNA£7^#'J&3irrH§SLfc. EIO.DNA 2 m g 
[lOmM Tris-HCl(pH8.6). lOOmM NaCh 7mN MgCl 

i , 8HM£©stui (xy#>v->*D *5<fctfiom&© 

Hind 111 (SiSiStt) ] *-C37T:4m$m{t®. 0.8967 1 

.:tfn-xy/MM«ic»K#i*, **J3. 2kb 0SS©dna 
WH-fty?x^^^--e»li-««bfc. ^©.fcsicb 

T#6nfcphPDINaeft3R©1.7kb DNA #rtf-*550ng£pUCl 
19 Sig**©3.2kb DNA Kfrift50ng:£^}KS^t7'^-^r , - 
y 3 >^y KA^30ttl Bi£ 6m1 ^Tie-CaO^R^ 
10m 1 S-fflViT*JV->>>AtetCJ:D^li*KB101 
3>tfx>h-tJl' (Sffittt) 50m 1 / 

Mb. «IHW**«v»fctWrftff5 2:tfcJ:D. th 
jHHHyjl^ ^co^l/^DE?TF*fc:t h P D I 

Lit. II©:/7XS r ? £phPDILyl££#W5:. 
[0 0 6 4] K±©J;5JCL.T^6nfc l J-^-E3?U* 

3Eipdi s»S7;P3-;v7 : t Fnyt- tf iae^ 

©?D*-*-;£KTT-?S3i3-S:S'<<. KT©^JSfc 
J:DkhPDI5Ba^9X5H*«l3ISLfc. 7JVAU& 
Sj*C«fcDWKUfc±E pbPDILyl DNA 7m1 

[lOOmM Tris ■ HC1 (pH8.0) . lOOmM NaCK 7mM MgCl: 
feJ:tttO*tt© EcoW (=y#>S?->lt) ] 100m 1 
tfC37T:2KriaHfifl5a. W«D7iy-*/i'Bn*A 

ftiQASWU S-L^BI^K^SIiHRbfc. £© 

(Cl/10^©3MKK±h>J^A(pH5.3) 43«fctf 2. 5Sg© 

L50/il ©Klenowlg«i$ (Kilo-Sequence fflDeletion K 
it, Sigjgft) tc}g#b, 41£{£©Klenow fragment g 
mm. (SiBJ6a).*HPA37lC45»ilBRi6a**C:tKJ: 
QEeoRI «»r»»©¥illfl:ftff-3fc. CClWttV'T 

fc*lfcl/l(««D3MiW^hU^A (PH5.3 ) 
2.5Sf©X^/-;P*JnAJi'&U -4ffCmra»Bb 

«JEE$£«|U 50// 1 ©KlenowigSJ?& (Kilo-Sequence ffl 
Deletion Klt.SSStt) C**U 4m&© Klenow f 
ragment (S®j£#) S:llPA37'C45»KS*:iS-&* C t. 
tC<fc"3 EcoRI«Mfi«»©¥»flSSffo&. C©*Kfct? 



&nfc7K@lCl/10§©3MKK^-hU"?i>. (PH5.3) *5 
±tf 2.5*©X*/-;N£in*.S£U -4(TCl»m» 

iLfc. a&fc'± o»sn&a**7oxx* 

#ft«£Eft»U *«[10iai Tri« •HClOfflB.O). 60nW 
NaCK 7mM MgCl* isitflOJIMfiOTBanHI py#>5?-> 

a) 3 40/ii fc**»L3rc3«*iBE*a*fc. #e>tifc 

1.8kb ©DNASrtt-fc^X/'Wy-TtfRI • ttSSb 
fc. -3Er. 7JW*yMttT««LfcpJDB-AJffl-HSA-A 
M#H!¥2-117384^f8) DNA5 m 1 [lOmM Tris 

HCKpH 8.0), lOOmM NaCl,7mM MgCli *3i;t;24#&©Ih 
ol (Sffijfitt) ] 100m 1 *T3TC 2^m^ftS, 7i 

/-;v/*nn*ji/A»ta* 2[siffvi#e.nfc*eic. 

l/10§©3MB^K^-h'JOA(pH5.3) fcitf 2.5£©X 

t? ;-)v*isix.m&v* -4o*c 2«fra»BaBa^fc±D 

fctSBtbTDNA SlHlJtXLfc. CCDNA «aR&70XX^/ 

-;wtrft»««m«:»u. so^i ©Kienowssffi (kuo 

-Sequence Deletion Kit. SSifitt) fc**U 4*& 
? © Klenow fragment (Siffittt) SlD^-3rC45»raR)S 
Si** C t\Z i OXhol^]»rgS^©¥mfl:Sff ofc. 21© 
tg«C3^T 2 ®©7 x / — fr/ir n n*;VAaa*fr 
aw ^nfc^tci/iOigroaMRK^WJtfA (ph 
5.3) *3<fct; 2.5§©x^y->ii'&iniA.fi^u -4<rc 

l^W»B«. S^lCiOttStbTDNA^EiKbfc. 

#e.n7cDNA £70* x*/-;v-rife»sa«E<£»u ^ 

?S [lOmM Tris -HCl(pH8.0), 60mM NaCl,7mM MgCU *3 
J;tj:iO^&©BaiiHI(=5/#>5?— >tt) ] 40 Ml 
b, 37"C75»|yj^fl:bfc. C©^ffiC10Ml © 2M Tris 
W • HC1 (pH8. 0). HOitl HMft©*»W 
C75 «cS*7A'»U 7*X77*~ C (SiBiitt) £Dn 
AB^U. 6(TC l^FBTOiars^t»e:±f3B3!l«»fSE© 

5' Biu>Kfl:Kf£:S:ffofc. #enfcSffitci/io^f© 

3MB^S^-h'J^A(pH5.3) ^<tt; 2.5^©X^/-)PS: 
jDAJl^b, -40-C lttPQftBbfc. at'tfciDtHBi 
bTDNA «@«b«EE«£Mk«20tfl ©TEfc»»b 0.8% 
7»n-^y*«»acftK*»ttfc. ^8kb ©DNA Urfr* 
.^5^^^^-SfflV»T0iRbfc. «±©<fc5{CbT# 
e,nfcphPDlLyl**©1.8kb DNA SrH-*350ng*5«krj:pIDB 
40 -ADH-HSA-Afi3l5©8kbDNA&rjt*a50ngi£^Sji : aDNA 7< 
y->3>+7 hA«30Ml , BSS 6M1 i»^U 16 

•c 2.5isrfl£j&$-aw)NA ^aiies-B-fc. ^enfcDNA 

^jffilOM 1 £fflV^T*;V->^AStC«k D*»BC600tfc£ 
50m 1 /Ml©7>H->U>^trLByV 

-htc*#37 , cT-i!a«sbfc. #en&nax-tc^ 

HT7;i/*U^aj*lC«tD^7X3 HDNA ^PSSb. ffl 

mmmmftmtL? n t k ± d B«tr«7^3-*t 

Hnyt-f I yn^-^-TSglt 'J EJfaaEffl 
PD1 fta»bfc^5X5Hft«»^*WK«»#*PR 

50 Lit. Z.<D£.o\ZLXmmLtc?m MT'^Xi H£pA 
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mdllyl t%tiV1t. C OMSPD 

[0 0 6 5] -7j. t hPDI «S*lfcffl03>hn-* 
7*9*5 Fft«T©wett«Lfc. 7;v#'Ji§gi£-e 

PIKU&pJDB-ADH-HSA-A DNA 5^1 [lOmM Tris- 

HCl.lOOmM NaCI, 7mM MgCh ; 24#&©XhoI (Sigjg 
It) jfeil^MMfc© BamHI (n^#>v->a) ] 100 

HUfflft 2Hfr^fll6nfc*«ei/H«f©3ll»«^-hU'> 
2»(pH5.3) fc«fctf 2.5^©X;?y-;i'ftin;Ug-&U - J 

fc. HCDDNA €:70%x3'y-;V'-C?5t^. SEBE&SU 
50^1 ©Klenowg|£98 (Kilo-Sequence Deletion Kit, 
£i@j£tt) fci&SIU 41}i&© Klenow fragment (£jg 
i&tt) *JPA.T3rC46»WKi6:S#*!:ifc±OXhoI* 
.ktfBamHI WKgB#©¥JM:£:fT^;fc. tCtStO^ 

*lCl/10*©3MB«:?-h>J?A(pB 5.3>*J;tf 2.5& 

©x* y -;vfttti*.iB^u -40^ i nmrattS'&k: 
j: o ten t bTDNA «ia«Lfc. cn^&^mon 

1 ©TECJ8«|U 0.8X7*n-X«a*lllC*^t. *-J 
8kb ©DNA BfMrftif^X^'jy-THKLfc. #5.nfc 
DNA Brfr*950ngS^ffijg1±DNA 5K y—>3 >*5> h© 

A*30*ii , Bmeui tg-s-u 16'c-^Ejjjs-e. 
asaieci:DSBttfl:b&. c©dna ^aao/ti 

T*I8® l0l#=n>b^>r"t:;v 
•>i»SlC«fct)»H<BftU 50 All /ml©7>t:S' , J>ft 

=-fcOVVT7Jl/*yiMf*fc±0:/5*5 FDNA «■ 
SSL, «HffS««rftfTt>. B»£r*3>M3-/W8 

[0 0 6 6] b hPDI <D&mz£Z>%.m 
JJE©#JiT?«aiUfcfchPDI ^^77.5 HpAHhPDIL 
ylSffltsTKTt^T^jSTt hPDI ©BSCJ:5^ 
ftfrofc. 

[0 0 6 7] YPD/l/-h (2*/1*h'V7>>. 1X-Y 

JiTJg£LfcB#AH22;|*©ijiriOX-£ 5ml©YPDJg 
% (2X/X0 h^:7>>, HS-f— Xr-X="r*h5*h:fe± 
Xf 2X^H9».K«aU30'C24ieiBMi*«U&. C 
©iifii§«8i 0.9mlS:45ml©YPDiSaizSfflb30 , C-Clg 
OD.oo <»&) 0.5Kabtii:*T 
««tfcfc*>»tiHBiU-ai*lll«bfc. #6ti'fc«# 
£ 3ml© 0.2MLiSCNlCffl!iBU -t©3%© lml ftiS-Wc: 
38»»ttlRi:bT*((cSEiRU&. C©S*(C46m1 ©50 
% PEG#4000. lOwl ©LiSCN £«fct/7;i/7J <J 
HtSLfcpAHhPDlLyl DNA&SS10 u 1 (DNA27 u 1 #) SJll 

rntc iil©iW*ftin*»»«<>fc±0**fttt* 



I ^W6-387 7 1 

a? 

tLTEiRUfc. C©®#£100ai1 ©«S*-C«« 
U SD (-Leu) :7V- r- [SD(-Leu)i$iffi (0.67%;N*^h 
-Kay>^-X, 2X^? ! ^«, 20mg/l ®7f->. 

l^ft^X 30mg/l ©?n-», ^VD 
Hl)5», 50mg/l C7x=H5 = X 100m 
g /l ©7X«?*>». H^^S>K, 150mg /l 
(OA'JX 200mg/l ©Xk3-X>:fc<ktf 375mg/l © 
■fe'J> (K±©7 5yK«?07tiM^5S) ) 1.5% 

&»Jl«fc#« 5ml©SD (-Leu) i&ffi!^aU30"C 2 B 
r^SSSSbfc. C©«t«SK 100 Ml ft 5ml©YPD 

1. 5ml ftjg£>#«fcj&H*±flS 500 Ail ftEiRU tfttc 

»#©x^ y -**»*.fi^«*+fc i «HBlMib&. 
in*afc»JBfcj*»»t«*«f©»«»tt3»».6©»iMfcft 

tt*fcLTBJKL*EEft*l,fc. #e>tlfc£t3Sftl0Ai 1 
©SDS-PABE»*>^Jl«flHS (125mM Tris-HCl (pH6. 8) 
, 4SSSDS , 20X^U-tU>. 10X/J-^JP*^hX^ 

9 y— ji/fej;r/o.oi%^D^7xy-;i/^-) c^s? 

L, 5»W^jft^SDS-PAG ^V— HO/20 <S— ft^fcSS 
A) fcT««*»*ff-3&. £©yjU6*fc* (0.15% 
^•V->-^'JU7>>^Jl— , 10%WKi5«fctM0%^3' 

-cssfe^, Rfi« ao%ss**tMo?f:^^y 
-JW »5lft*a«fl:l/fc. c©Ka>ha- 

JVtUT±l5pAH Sffl5Sj^tLT±^©pAHhPDILyliro 

i>tti< pn©Sf^c«k d# 6nfc«a-9->^ r ;i'*r^ 

(#TS94.000) , *J*/tm7)VJ\Z' (67,000) . * 
W #7^5 > (43,000) , 97 >K F9— 

(30,000) , *HhU^3/>-f >tK^- (20,000) * 
«tt;a-7^ h7;U^3> (14.000) SrfflV^fc (^3 

0) . *©«** #^s*?j55k ©%sti*Mar-tA i 

TTSfc. H©^HItt. ^.?SPDI ©TH^i-aL-Tfc 

oBWt-r^thPDi j9»«a»»bJt"b©t«i*a*T. 

fc. *HT»S»»«©^>Ai'RflS*flM»ttftP'«* 

d i £ S tt t UT£4T©^IST^:gSSSff t> 
[0 0 6 8] pAHhPDILylS«J#-rsB«AH22*©m3 
nx-£80ml©SD (-Leu) U. 30^ 2B^S 

0 #6n&W*««W0ilT341©YPD • 

'J>SS«fi (YPDSt, 6g/l ©Na* HPOt * 
i.Zf 3g/l ©KH 2 PO<, pH 7.0) ICgSfflL, 30*C2 
4^ WLm&t&m & fr n It. C © *&>bft& 1'^ 
±«=£®iRLKT©^»^tl©iliS{'ffl<' i fc. 
[00 69] 

gflfcfrg>©iiatt*.t: FPD i ©#at^©t#tt^ 
±iB©±5fcUT»6nfc»K«!«*««***4 1 
ft. 5>J#7-5U3'>IH»»3i* (^^7>^ S30, 00 
0) ftfflVi. 40f&iS8S£fTo;fc (100ml) ^. TSK-gel Phe 
50 nyl-5PWBt*tt*7Alr<kO, t F P D I ftmBILfc. 
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(12) »BI¥6.-3 8 7.7 1 

21 22 

^14*5AK0.85MS6^ 0.05% NaN> ££tri0niM* 885 *t/miWB§^SI11351 ^ (FERM P-113 

•''^K-lOmM KClgff»tpH 8.0T¥«ft:b&t>©^&, 1 8) ] £J&g$K&L;fc. 

25#|ii)T, ftft«^$ftV»R8«rffi^&tttinSJE4G [0 0 7 4] YPD^-h (2 %/\*? h h'J^hX 

&^aiiSti:fc«krjTgaU&. £©IS©iSj£li 2 l%A^h-f-Xf>X+Xh7^K 2X7l*'>»fc.fc 

■ 1/iln t©»*ftJB4HlCw'*-. *5Hfc tf 1.5X*X) ±T**UfcHSA»a*#HI S2 3 

ft. *(B*nfcb:hPDI©s'D-S«ft»»HtSr.. «©^-3D--&5ml©YPD^ffi! <2X/X*M«iJ 

C±oTb>PDIIiBK»-OriE»K:*T!»lian. ») fcflMU 3 01CC2 4»IB«B*HLfc. £©# 

PD IStt*«JSUTVs5C:t*»W6!iMlfetJ 1 ml* 5 0ml©YPDJgiftl;i8S«3 O'CefiStg 
fc. YPD*»fciij*-r6*rt«!RiMMltt. -©^n J0 *U OD.oo MS) *< 0.5SStSUfct ^5TBS 

t&ftfrZ. 4 6 Ml ©5 0%#UX5 i V>^U3-;V#4000. 1 0 

[0 0 7 0] PDJ_gte©ME * il ® L 1 SCNiWTJWJSSS [Birnboim, H. 

PD IgttOJMJtli, 5l7C-^tt-flKfl:lC<kS^T C. a Doly, I. (1979) Nucleic AcidsRes . _7. 151 

{£§JUfcX£7>:?';l'F'J#*?k7— t?A(RNase A) 3. iTiBfil/fc t h P D I SS^7X5 HpAHhPDILyl DN 

©H*lS^OCjB»*ftfl.attK:J:-3TfTt>fc. U# A**10/il (DNA&2 0)tg») fciO*. 

5?^U7— ifACDimAosftB. *©»*8ttoia« -f>moiB^i/. 3 ox:-e— *»«ufc. nmci 

©SSSJiStbT^afl:bfc. JMttWttftKTfcjR il©tttt*£ft]*JHMt. &6&BlCJ:9BW*ttJR& 

-fo UTlHliRUfc. ^OlftSlOOwl ©SSB*T!R» 
[0 0 7 1] X^5>:7>FRNase A ©PS : 120mg©R 20 b, SD (—Hi s, —Leu) ZtV — h [SD (— H 

Nase A ^6HifT~V>mm. 0.15M5^:*3. W 1 — Is, -Leu) ft % (0. 6796X9 h— h uVy-*.— 

^ft*t»3il©0.1MhUX«B«WWtoH8.6 fc*#Ufc X. 2X^H«, 2 0mg/l ©7^->, Htf?^ 

«, S*jMrFTVl5l«MMTa5c*fTT^ »» ^ Hh'J^7r>. f^T^-X 

S0.01NHC1 -C^fl:5-a:&-fe7 5'x.y^XG-25*7A 3 Omg/l ©^05^>, ^yn-f-», H'J3?X 5 

(15mm (J) x 38cm) Tjt7c3!l£l$SLfc. C©K^tllC^ 0mg/l ffl7i-Jl/77=>. 1 0 Omg/l ©7Wt5 

7=5?>a«ft«Wftaii3!s*±5lClB*., JECHJ l?3^Jk*5>K, 1 5 Omg/l ©A'J>, 2 0 

*£SDApH£9.0 S-S«S-&©S»R^SI* Omg/1 © bl^:>:fc«fctf3 7 5mg/l ©-fe'J> 

m. 4-CTi4BrafT/ito-a-fc. c©K»fc-arc:T?«# ±©75/K«*«K«**ada» ) i.sx* 

Lfct,©£X?5>:7Vl^RNase A fcL-Tttffll/fc. ^] ±K££ 3 0 'CTitSllvfc. i§£5 BBTT/l'-h 
[0 0 7 2] PD I m&<om& : 2*«fc«ttl-fc55ill 50 ±K3D=:-tbT»«aft#S#fc. 

•J >WmWL (PH 7.5) 20iHC, 10/xl ©lMi^tfXV [0 0 7 5] # £> nfcJgSS£&# (pAHhPDILyl/HIS23) 

-f b- ;i/£iro;L;fc%©£iSKU n©$8tfre>i0Mi * tct3ViXKT©#JStc±t)PD i ©S^SP^fc. d© 

SCO. 20/zl ©Htttm&£tffc55tfU>lfca*tt<PlI SO > h n-JWUli LT. pAHhPDILylrt^PDIcDNA 6B 

7.5) 420^1 IC*n^30'C-r5»¥tta-r^. CtllC±IB »&^V>fcn>hD-J^57.$HpAH*fflViT#S 

X^5>^;i/KRNase ^50/il SlDA30 , C. 15#¥K nfc^SSI£&#(pAH/HIS23)£mTffiJ8l/&. TV— h- 

Jfc2it-5. ^rT, 1. 945ml ©K^Lfc50nMhUXi[ ±®3D--^ 5nlfflSD (-His. -Leu) Si 

Bt, 5m ^V^*->^A, 25i«Ms*U ICSSU3 0^2 BfflS^SSbfc. C©M^StSl 

«}SpH7.5 IC. 50/il ©-r-*h-RNAJ£ffi (lOmM h U OOul £ 5al©Y P D^*(cSa«3 0"C 2 4 l$|BKg 

X&&ig»?£pH7. 5/lmM EDTA, 280nm©K3tS80iC^^)i fiig*U *§&nfcJ§&$£ 1.5ml*S^7>»tC*n-J-e© 
5KK»bfct)0) S 1 «A5£-fe/WCln*.. 40 ±fit5 0 0 /*l £0iKU cnfe**©!*/-^** 

jjssaflE^stKftsASfcWflss**. d©t€26 *.fi£«*«p"ci«$iiM«i/&. :m*»&*Mifc*»w- 

Onn T©8b^#£fcUfcV»£££*Kl/T*5<. «Jfi^©BS^6©55a»»«l*tt»t LTEJiRl/®^ 

h-Mflaiy&Xd'5>^;l'H RNase AK%9» i/X#V-*-fciD»EHe»L-fc. #e»nfcttiSS:l 

&5jx.l nn*-feJl'+©»«t*-tfte«»6. 0.2 0u\ OSDS-PAGEffl^>yM«S [62. 5mM T 

»SK2»ra260nm T?©B67£ft*3ffl5. PDIS1SB26 ris-HCl (pH6. 8), 2%SDS. . 5Xe-^A^hX 

onm T©9ib^fb»s©«D3i*>e*»e>ns. *y-;k o.oo5%yn ; E7xy-;i'^';i'-*3it;2 o 

[0 0 7 3] h hPD HpAHhPDILyUCt >] 5^mfMSDS-PAG 

SgflHI S2 3ft©^MK^ yv- h 4/2 0 -1010 ei-<b*Sia*scfttt» T 

thPDUffl^S HpABhPDILylftfflV»T. «T© S^»il*fTofc. »g)^©y;V«:*feSK (0.15X^7 

^JBfcav>HSA&S»*HIS2 3«t [#K¥2 - 57 50 'J U 7> h^JV-. 1 0 %»B&*3«fctf4 0 
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(13) 



ftBB¥6-3 8 7 7 1 



j-M IftfeiS (i 0%mm&£tf4 0%* 

©15, »ffg!Ptl/T7*X7*'j7- t?b (SH^S 
94,000$Ol'r-><t. V*/M87)V7S.> (67,000) , * 
#7)K/5> (43,000) , %-&=.?>77>\i H5— bf 
(30,000) , ^Sh'J^Wi'kW- (20,000) *> 
h7JV^5> (14,000) fcffl^fc (IS 6 
0) . •£©«§£, pAHhPDILylfc.fc^TJggilE&LfcB*© 
H I S 2 3«rP. ^fi*f)55,000y;i/h>©PD I ©51 

CO 0 7 61 fchPD I©HSAfS3g#3&fc#^S%)jg: 
±^©SStC*tt*HS A*iyPD 1 <D$ifm&*m 
<AT. hhPD I ©HS A&mftmz*i-rz>%3%:$:&rF 

©^JBlCtoTP^fc. 
[0 0 7 7] 3>hD-J^7XS HpAHfeWt h 
PD I $m-77*S. HpAHhPDILyl-^-n^niCi^TBH 
fg&LfcB'SH I S2 3fc, EP^P AH/HI S23fii 
* «fctfpAffliPDILyl/HIS23 »©»4Ufcn n=-50f 
5ml©SD (-Hi s, -Leu) igiftlC&g 

L3 0-CT2 mmmtsmzft^iz. notu&sm o 

0 Ml £^n^n 5ml OYPD«»fcfiMIU 3 0*017 2 

SlCi 0 S D S - P AG EfflffliSflSriBS'iUS D S - P 
AGEfcfr&ofc 0B7BD . .WStlfcWHfcffi^T. 
MOHSAMI5f>->i>-^- (IMAGE ANALYS 
IS SYSTEM . ^73**Att» -«£*fl5U PD 1 © 

0) . pAH/H I S 2 3»T¥^0.93ng/ 

BH2?U 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 
Met Leu Arg 



1 *)fcpAHhPDILyl/HIS23 «t-CHD<1.50mg/l ©HS 
AS»i6bTfef), SSH I S 2 3 ttfcislt* t h P D 
I©#3SSICJ;D. H-SA©»»*»¥1TP»6 0X© 

[0 0 7 8] 

E5>J*3-H-rSDNAtt h^a^-f >^X;V7^f H 

tio. thPD i o^affltftc^asffltt-amcL 
&*>©t?**. unic^D. £©#&&, s-s*§-&© 

[0 0 7 9] 

BW** : 1 
G*l©ft3 : 2454 

&©& : 

m¥i<omm : cDNA to mRM 

SB: t hffFKXtJte^Agt 11 cDNA7-r?7'J- (CI 
ontechtt) 
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CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 



CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 



GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 



TGG TGT-GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Gin Tyr Ala Lys Ala Ala 



GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 



GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
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CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 
Asp Asp lie Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 
Phe He Lys His Asn Gin Leu Pro Leu Val lie Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His lie Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Phe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe lie 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 



GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 



GCT CCC ATT TGG GAT 1 AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 
Ala Pro lie Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asd 



ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 



AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 



AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leo Asp Gly Phe Lys 



AAA TTC CTG GAG AGC GGT GCC CAG GAT GGG GCA GGG GAT GAT GAC GAT 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 



CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 



E5U#^ : 2 

mmomz 1545 



GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 

CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 1655 

GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 1715 

ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 1775 

GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 1835 

TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 1895 

CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 1955 

GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 2015 

GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 2075 

TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 2135 

CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 2195 

TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 2255 

CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 2315 

GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 2375 

TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 2435 

AAAAAAAAAA CCCGAATTC 2454 

WM 

ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 30 
Met Lys Trp Val Thr Phe He Ser Leu Leu 



-20 



-15 
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TTC TTG 
Phe Leu 



TTC TCT 
Phe Ser 



TCT GCT 
Ser Ala 



TAC TCT 
Tyr Ser 



AGA GGT GTT TTC AGA 
Arg Gly Val Phe Arg 



AGG GGC GCC 
Arg Gly Ala 



CCC GAG 
Pro Glu 



GAG GAG 
Glu Glu 



GAC CAC 
Asp His 



GTC CTG 
Val Leu 



GTG CTG CGG AAA AGC 
Val Leu Arg Lys Ser 



AAC TTC GCG 
Asn Phe Ala 



GAG GCG 
Glu Ala 



CTG GCG G 
Leu Ala A 



C AAG TAC 
s Lys Tyr 



CTG CTG GTG GAG TTC 
Leu Leu Val Glu Phe 



TAT GCC CCT 
Tyr Ala Pro 



TGG TGT 
Trp Cys 



GGC CAC 
Gly His 



TGC AAG 
Cys Lys 



GCT CTG 
Ala Leu 



GCC CCT GAG 
Ala Pro Glu 



TAT GCC 
Tyr Ala 



AAA GCC GCT 
Lys Ala Ala 



GGG AAG 
Gly Lys 



CTG AAG 
Leu Lys 



GCA GAA 
Ala Glu 



GGT TCC 
Gly Ser 



GAG ATC AGG 
Glu He Arg 



TTG GCC 
Leu Ala 



AAG GTG GAC 
Lys Val Asp 



GCC ACG 
Ala Thr 



GAG GAG 
Glu Glu 



TCT GAC 
Ser Asp 



CTG GCC 
Leu Ala 



CAG CAG TAC 
Gin Gin Tyr 



GGC GTG 
Gly Val 



CGC GGC TAT 
Arg Gly Tyr 



CCC ACC 
Pro Thr 



ATC AAG 
He Lys 



TTC TTC 
Phe Phe 



AGG AAT. 
Arg Asn 



GGA GAC ACG 
Gly Asp Thr 



GCT TCC 
Ala Ser 



CCC AAG GAA 
Pro Lys Glu 



TAT ACA GCT 
Tyr Thr Ala 

100 
CGC ACG GGC 
Arg Thr Gly 
115 

TCC TTG GTG 
Ser Leu Val 



GGC AGA 
Gly Arg 



CCG GCT 
Pro Ala 



GAG TCC 
Glu Ser 



GAG GCT GAT 
Glu Ala Asp 



GCC ACC ACC 
Ala Thr Thr 



AGC GAG GTG 
Ser Glu Val 



GAC ATC GTG AAC 
Asp He Val Asn 



CTG CCT GAC GGC 
Leu Pro Asp Gly 



GCT GTC ATC GGC 
Ala Val He Gly 



TGG CTG AAG AAG 
Trp Leu Lys Lyp 



GCA GCT GCA GAG 
Ala Ala Ala Glu 



TTC TTC AAG GAC 
Phe Phe Lys Asp 



GTG GAG TCG 
Val Glu Ser 



GAC TCT 
Asp Ser 



GCC AAG CAG 
Ala Lys Gin 



TTT TTG CAG GCA 
Phe Leu Gin Ala 



GCA GAG GCC ATC 
Ala Glu Ala He 



GAT GAC ATA 
Asp Asp He 



CCA TTT 
Pro Phe 



GGG ATC ACT 
Gly He Thr 



TCC AAC AGT GAC 
Ser Asn Ser Asp 



GTG TTC TCC AAA 
Val Phe Ser Lys 



TAC CAG CTC 
Tyr Gin Leu 



GAC AAA 
Asp Lys 



GAT GGG GTT 
Asp Gly Val 



GTC CTC TTT AAG 
Val Leu Phe Lys 



AAG TTT GAT GAA 
Lys Phe Asp Glu 



GGC CGG 
Gly Arg 



AAC AAC TTT 
Asn Asn Phe 



GAA GGG GAG 
Glu Gly Glu 



GTC ACC AAG GAG 
Val Thr Lys Glu 



AAC CTG CTG GAC 
Asn Leu Leu Asp 



TTT ATC 
Phe lie 



AAA CAC AAC 
Lys His Asn 



CAG CTG CCC 
Gin Leu Pro 



CTT GTC ATC GAG 
Leu Val He Glu 



TTC ACC GAG CAG 
Phe Thr Glu Gin 



ACA GCC 
Thr Ala 



CCG AAG ATT 
Pro Lys He 



TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 
Phe Gly Gly Glu He Lys Thr His He Leu Leu 



TTC TTG 
Phe Leu 



CCC AAG AGT 
Pro Lys Ser 



GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 
Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 
Lys Thr Ala Ala Gin Ser Phe Lys Giy Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 , 280 285 290 

AAG AAg'gAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu lie Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg He 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 
Thr Glu Phe Cys Bis Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 
Met Ser Glu Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 
Ala Pro lie Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 
He Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 
Arg Thr Val lie Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 

mmn ■. 3 h*ns^- : b»r 

BS^JOS^ : 491 E^l©a£l : ?>/V?W 

SH5flK>l! : 

' . E50 
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33 34 
Gly Ala Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 ' 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu. Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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Glu Asn lie Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu 



Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 



Ala Asp Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly 



Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 



Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 



Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
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1 PAH/K I S 23 

2 : pAHkPDIiy l/HI S23 



[01 0] 

mem 




12 3 4 5 6 7 8 9 10 



1 3* 5. 7, 9 : pAH/HI S2 3 

2^ 4, 6. 8, 1 0 : pAHhPD I Ly 1/HI S 2 3 
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1, 3. S, 7v 9 : p AH/HI S2 3 

2, 4, 6, 8, 10: pAHhPDILy 1/HI S 2 3 
1 1 : HSAS90.2 5jtg 

i 2.:HSA«B0.5ne 
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[¥*HIIEft] 

[«HJB] ¥f«5¥3B2B 
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[B1C] jBlBCtt. 5S«:/5*5KpAHhPD 

1 Ly 1 rofc&IgBfc^-f. 

[B2] S52Bti. tHH^5XSH±«)HSA 
r^t/oBBFJfcPD I O«!MS£5K-r0-C»*. 

[B3] sg3Bi±. si-»ai3MaaiAth 
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d i o«s*asr«»»wwc**. 

[B7] SS7Btt, BSHI S 2 3lC43ttStt>P 
D I t'HSAt©*585lKJ:«HSA»»**i-SDS 

[B8] H8Bli> S7BOSDSfia*l!iy;l'* 
fflWTH S A^»gS5 ; >->>^-^-T^fi'fbU&fe 

[#*a*iiE2] 
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AO 60 80 TOO 120 140 160 
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jEcoRI 

\/ KJenoiv fragment 
\ BamHI 
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^ Klenow fragment 
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